Objective: The aim of this study was to evaluate the growth response and feed utilization of Clarias gariepinus juveniles fed graded levels of boiled Senna obtusifolia seed meal as replacement for soybean meal. Materials and methods: Five isocaloric and isonitrogenous diets were formulated. The diest were-control diet (with 0% inclusion level boiled S. obtusifolia seed meal i.e., 100% soybean meal), 25%, 50%, 75% and 100% inclusion level (total replacement of soya bean meal). The feeds were fed to C. gariepinus juveniles at 5% of their body weight for 84 days in an indoor partial flow through system. Weight and standard length of C. gariepinus juveniles were taken every fortnight and water quality parameters were monitored weekly. Results: Experimental fish fed diets with 0 and 25% inclusion level of boiled S. obtusifolia seed meal gave the best results in terms of Mean Weight Gain (MWG) (20.22 and 19.79 g, respectively), Specific Growth Rate (1.82 and 1.83 respectively), Protein Efficiency Ratio (2.75 and 2.00, respectively) and the Lowest Feed Conversion Ratio (1.29 and 1.39 respectively). The lowest growth and feed utilization were observed in fish fed 100% inclusion level. The weight gain of fish decreased with increase in replacement level above 25%. There was no significant difference between control diet 0 and 25% inclusion level (P≥0.05). Conclusion: Boiled S. obtusifolia seed meal is a nutritive source of plant protein and a good replacement for soybean meal at 25% inclusion level of boiled S. obtusifolia seed meal in formulating catfish feed for C. gariepinus juveniles without any deleterious effect.
INTRODUCTION
The key to abundant fish production is availability of cheap and balanced feed. Aquaculture technology has evolved the push toward higher yield and fast growth has involved the enhancement or replacement of natural foods with prepared diets. Feed cost is known to account for over two third of the variable cost of an intensive aquaculture system (Aderolu and Sogbesan, 2010) . Therefore, knowledge on nutrition and practical feeding of fish is essential to successful aquaculture. Aquaculture nutrition to a great extent relies on pond water productivity and the use of various feed supplements.
As at now nutritional data are available to allow the nutritionist to formulate catfish feed on a least cost basis. The primary constraint limiting the use of least cost programmes for formulating catfish feeds is that relatively few feed stuffs are available that are suitable for use in catfish feed (Robinson et al., 2001) . Aquaculture can play a complimentary role to terrestrial animal production in ensuring food security to the teeming Nigerian population (Ochang, 2008) . The demand for fish is very high, and in Nigeria, fish culture is getting popular both in homestead and commercial farms. Some species of fish cultured include catfish, highly relished in Nigeria because of its fast growth and high taste value (Oladosun et al., 1994) .
To mitigate the effect of higher feed cost in fish culture, aqua culturists have always sought to replace fish meal and fresh oil components of the diet. Fish meal, known to be the most expensive component of the diet, is usually replaced at least partially with other cheaper animal protein source. Other plant protein sources which have not been traditionally used in feeds are being assessed for the suitability in fish feed formulation. When suitable ingredients are found that have little value as nutrient sources for food, their cost will be less and this will enhance the profitability of the aquaculture enterprises (Ochang, 2008) .
The cost of fish feeds can be significantly reduced if locally available ingredients are incorporated in feed formulation. Cassia fistuala, Mucuna beans and Castor seeds were used to substitute soy bean meal (Adebayo et al., 2004; Bekibele, 2005; Auta et al., 2007) respectively. Soaring food prices have triggered an increase in hunger worldwide, the competition between human and livestock for the consumption of soybean and the increasing role of soybean in the world as a biodiesel (Cotula et al., 2008) , One of such legumes that can be evaluated as alternative and replacement for soybean could be Senna obtusifolia (sickle pod seed).
S. obtusifolia is a legume belonging to the family Fabaceae, subfamily Caesalpinoideae, commonly called sickle pod plant. Okezie and Agyakwa (1998) This study is therefore aimed at evaluating the growth response and feed utilization of Clarias gariepinus fed boiled S. obtusifolia seed meal as a replacement for soybean meal. The scope for improving the aquaculture nutritional practices in Nigeria is very wide with new developments of integrated cultures arising and paving way for better aquaculture nutritional practices with a resulting increase in production for food security and income generation for fish farmers.
MATERIALS AND METHODS

Ethical statement:
The experimental protocol and sampling were done in accordance with the Ahmadu Bello University Committee on Animal Use and Care (ABUCAUC) protocol.
Feedstuff analyses: S. obtusifolia seeds were manually threshed from its pods. The seeds were then washed thoroughly to remove all impurities after which the seeds were air-dried, seeds were boiled at 100°C seeds for 40 min. Air-dried and boiled seeds were weighed and oven dried at 80°C in a paper bag for 24 h followed by cooling in a desiccator for dry matter to be taken, the dry seeds were pulverized using a laboratory blender and sieved using a 0.5 mm mesh sieve (Ingweye et al., 2010b) . The flour was stored in screwed-capped bottles at room temperature for further analyses.
The seeds, experimental diets and fish carcass samples were used for the analyses of crude protein (CP), crude fibre (CF), Ether extract (EE), nitrogen free extract (NFE), ash and moisture content according to the standard method of AOAC (1999).
Air-dried and boiled S. obtusifolia seeds antinutritional factors such as hydrocyanic acid, oxalate, phytate, saponin and tannin were determined according to the standard method of AOAC (1999). The amino acid profile of experimental diets were determined using methods described by Benitez (1989) Experimental setup: Fifteen (15) plastic aquaria with dimension of 50×45×35 cm was used (three aquaria/ experimental diet), each containing dechlorinated water provided suitable environment for the fish. Ten (10) juveniles of C. gariepinus were stocked randomly in each aquarium. The set up was wire-meshed to avoid fish from jumping out. Water replacement was done every three (3) days using the flow through system. This eliminated fecal matter and unutilized feed by the fish. Feed was administered twice daily using 5% of their body weight (Marinmuthu et al., 2010 ).
Data collection:
The weights of fish were determined every fortnight using an electric Mettler Zurich (Swiss made) top-loading balance model CP8201 for period of twelve weeks. The standard length of fish was measured using a measuring board calibrated in centimetre (cm). Water quality parameters were taken bi-weekly using the Hanna pH/EC/TDS/Temp H19830 instrument. Dissolved Oxygen was determined using DO meter (Hanna model D1946). (Dabrowski, 1977) . Condition Factor (K)=(100xW)/L 3 (Pauley, 1984) Where: K=condition factor, L=length (cm) and W=body weight of fish (g) and percentage survival rate (PSR)=number of survived fish/ total number of fish stocked expressed in percentages.
Growth and feed utilization determination:
Data analyses: Data were analysed using one way analyses of variance (ANOVA) and Duncan's multiple range test (DMRT) was used to rank means where significant at (P<0.05) using SAS 9.1.3 software package.
RESULTS AND DISCUSSION
The proximate composition in percentages of raw and boiled S. obtusifolia seeds ( The anti-nutrient of raw and boiled S. obtusifolia seed is presented in Table 2 , hydrocyanic acid, oxalate, phytate, saponin and tannin range in raw and boiled seed in mg/100 g were 0.14- .46-32.22%, respectively. The overall amino acid composition of experimental diets shows that glutamic acid had highest concentration (9.00 g/100 g) in diet with 50% inclusion level of boiled S. obtusifolia seed meal, while the lowest was methionine (0.71 g/100 g) in diet with 100% inclusion level of boiled S. obtusifolia seed meal. The percentage crude protein of diets were within the CP requirement of African catfish juveniles, as reported by Bolorunduro (2002) . Amino acid composition of diets were higher than amino acid requirement for channel catfish, as reported by Robinson et al. (2001) . Campbell (2009) reported that histidine helped in the removal of heavy metal from the body, isoleusine helped to increase endurance and helped to heal and repair muscle tissue, leucine increased the production of growth hormone, Lysine is needed for hormone production, methionine helps the body process and eliminate fat and phenylalanine is needed for normal functioning of the central nervous system.
The growth response and feed utilization of experimental fish fed different level of boiled S. obtusifolia seed meal (Table 4) shows that the highest MWG was observed in 0% and 25% inclusion levels of boiled S. obtusifolia seed meal while the lowest MWG was recorded in experimental fish fed 100% level of boiled S. obtusifolia seed meal, although no weight loss was recorded in this present study when compared to the weight at initial observation before feeding trial. Growth and nutrient utilization parameters (MWG, SGR, PER, FCE and Nm) significantly reduced as inclusion level of boiled S. obtusifolia seed meal increased in formulated diet. however, FCR increased with increase in inclusion of plant material but there was no significant difference (P≥0.05) between 0 and 25% inclusion level. Despite the isocaloric and isonitrogenous nature of diets, differences in the growth performance experimental fish may be linked to superiority of protein quality of soybean meal as inclusion level of boiled S. obtusifolia seed meal increased, similar finding was reported by Aderolu and Sogbesan (2010) and Tiamiyu et al. (2015) using cocoa yam peels and water melon respectively. Crude fibre in diets, high level of soybean used with corresponding low fishmeal composition in experimental diets formulated ( Table 1) , processing method of S. obtusifolia seeds and antinutrients in seed could also have resulted in differences recorded in the growth and nutrient utilization of experimental fish at different inclusion level (Tiamiyu et al., 2015) .
Carcass composition of C. gariepinus juveniles fed different inclusion levels of boiled S. obtusifolia seed (Table 5) showed that fish fed diet with 0% inclusion level had the highest percentage carcass crude protein (68.63) while the lowest percentage carcass crude protein (55.44) was recorded in fish fed 100% inclusion level.
The crude protein, crude lipid, ash and moisture content of fish before and after feeding trial period were Physicochemical parameters of water determined as presented in Table 6 shows that the hydrogen concentration ion pH ranged between 6.77-6.87 for all plastic aquaria. The temperature range was 25.65-25.76°C, electrical conductivity of water was the same (0.20 µs/cm) which shows that the total dissolve solid (TDS) was relatively the same (0.10 ppt). The dissolved oxygen ranged between 6.98-7.02 mg/L. The water quality parameters recorded in this study were within the range recommended for the culture of C. gariepinus defined for warm fish species. Boyd and Lichoppler (1981) reported temperature range of 22-27°C, pH range from 6.5-9.0 and dissolved oxygen of 6.3 mg/L and 9.6 mg/L gives the best growth in cultured tropical fishes. Mazid et al. (1972) and Devi (2013) also reported a similar value for fish culture, an average temperature of 28°C, dissolved oxygen of 6.9 mg/L and pH 7.3 are optimal for normal growth Auta (1993) reported temperature between 25°C and 30°C and pH (6.7 and 9.0) which were adequate for fresh water fish culture. The physiochemical parameters of water were within the range of FEPA acceptable range for culturing fresh water fish.
CONCLUSION
Boiled Senna obtusifolia seed meal is a nutritive source of plant protein and a good replacement for soybean meal at 25% inclusion level of boiled S. obtusifolia seed meal in formulating catfish feed for C. gariepinus juveniles without any deleterious effect.
